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Stability of Nominal Categories
over Readers, over Time

bonald L. Phillips
Nancy W. Burton
and

- Alex M. Pearson

INTRODUCTION

National Assessment of Educatlonal Progress (NAEP) is
a census-like assessment project which/collects data on a

national probability sample. “NAEP has collected data in ten

different curriculum areas from four differé't age classes
(9-year-olds, l3~year~olds, l7-year-olds, and" 'young adults
26~35 years old). The major purpose of NAEP is to measure
changes across time in performance on~ob3ect1ves-referenced
exercises.’ Many of the exercises NAEP uses in its assess-
ment process are open-ended and must‘be hand scored. NAEP's
hand scoring does not generally consist of ass1gn1ng re-
sponses to points on an ordinal ‘scale Instead responses
are almost always asslgned to nomlnal (descriptive) cate-
gories., These nominal categories arc,‘“uwevcr, classifiable
as acceptable or unacceptable. A

\\‘

Because NAEP's objective is to measure changes over
time in performance, it is important that hand scorﬁng not

depend heavily on the, scorer or,the time of the~scoring. It -

is known that when essays are scored for quality on.ordinal
scales, the scores vary with“the context in whith. the papers
are read (Coffman, 1971). If these findings are true also
for NAEP's data, measurement of change would require that
all responses from all points in time be read in the same
context and time. If NAEP can show that its semi-profes- .
sional scoring is consistent across time and scorers, then

—~perhaps change can be measured on these exercises without
all responses being re-read each time a change measure is
made.

METHODS

The study was designed to answer several questions:

1. To what extent does the score a response receives
depend upon the scorer who scores it?

AR

Thanks are due to Janet Bailey for her careful computations.
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2. To what extent does the score depend on the time

(withif the two-three month scorlng se551on) when
the response is scored?

For this study sample responses were selected from the
actual response data from the Writing and Career and Occupa-
tional Development (COD) assessments done in 1973-1974.

Three exercises from COD and two exercises from Writing were
sélected at ages 9, 13, and 17. Three exercises from COD

were selected for adults, . (See Table 1.) For each exercise
one sample response was selected arbitrarily from each'of ,

28 administration units spread throughout the country. Each
sample response was assighed a number (1-28), and photo

copies of the sampleg,wefe made. ;

"
- ~
-

Table 1.
. , Exercise Number' of
Age <Content Area Number (NAEP Number) Parts Analyzed
Writing 1 , (0-201002) 5
2 (0-201012) 1
9
/3 (2-301034) \\2
coD © /4 (2-302015) Y
;5 (2-402002) 3
- Writing /6 (0-201018) 3\
7 (0~202007) 1
13 \\ ,
- 8 (2-102025) 3
CoD 9 (2-302015) 6
10 (2-306012) 3
-1 Writing 11 (0-201018) 3
. - 12 (0-301008) 4
17
' . 13 (2-102025) 3
cop - 14 (2~306006) 5
. 15 (2-306012) 3
) 16 (2-302005) - - -- 0
Adult  coD 17 (2-306009) 2
] 18 (2-306012) 3
2
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. The rcaders were members of the profe551onal scorlng ™

scored as a part of the normal COD-and Writing scoring,
which involved approximately 100,000 student resSponses per
‘age. All scorers were trained together on ‘the use of up to
40 different scorlng guides before the scoring for each age
" bégan. The scoring guides consist of ‘a déscriptive title
for each category, 1llustrated by up to twenty sample re-
sponses. - .

e

~
After ecorlng normal assessment resoonses for two to
three weeks, each scorer was given.in random order sets of
photocopies of each sample response. Each scorer indepen-
dently read each response and recorded the score on a
separate sheet. The sets of sample responses were then

collected and given new random orders. The sets were pre- ) /’

. Sented again to scorers for rescoring when about one half
of all of the data for an age class had been scored and

‘again immediately after the scoring for the age class was e

completed: The scoring for each age.took from two to three ' -
months to complete.

-

R ANALYSES

Introduction

’

The major analysis problem was thatlmost exe;;iées had
nominal sc¢oring categories. Many conventional summary sta-
tistics, however, require ordinal data: |[We finally defined
several percent-of-agreement summaries that made/ sense to us
and were based on the raw data.

, The first answers the’question: {
¢1) what is the probéblllty that all of the scorers
- or all scorers but one will agree on a random
paper?

A secéﬁd type of percent of agreement focuses not on the
agreement among scorers, but on the. agreement within
scorers over the three 8cor1ng times. . It answers the ques-

1
i
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(2) What is the probability that a random scorer will
assign the same category at least twice, or all
three times?* :

*For\age 9 the sample reaponses were only scored twice, 51nce
the entire scoring session took only six weeks.
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Further analysis required transformation of the data to

an ordinal scale. Since the scorers are believed to be com-

petent jdages, the score assignedrby most scorers to a given
response was assumed to be the true score for that response.
The most common score variable was defined as presence or
absence of this true score. (The most common score variable
is denoted by MCS.) b - .

For .the MCS (most commcn score) variable, one further
percentage was computed. It was a more general percent of
agreement than the percent of agreement on responses (1) or
the percent of agreement over timé (2), defined above. This
overall percent of agreement answers the question:

(3) What is the probability that a random scorer, on
a random response,. at .any one of three times,
will’assign-the_t;gg category?

. Tr— T owe— o

All three percents of agreement are discussed below and pre-

sented.in Attachments 1-4, .

The MCS variable was also used to cémpute a repeated-
measures analysis of variance, with respenses and scorers
as random factors, -and timé and (where applicable) exercise

~part* as fixed factors. These Responses x Scorers x Times
X Parts analyses were meant to answer the questions: v

Do different scorers vary in their ability to assign
true scores? ) /

Does time affect scorers' ability +to assign true
scores? ‘ ' '

" Does the exercise part* affect that ability?
Does the{specific response affect that ability?

A second ordinal variable was created by collapsing the

- data into acceptable and unacceptable categories. The A/U

(acceptable/unacceptable) variable was also used in the Re-
spondents x Scorers x Times X Parts analysis of variance

P2 v
I '

.4 M \

1

*Exercises have parts for several reasons. Parts may be
two aspects of the same tagk {(such as scores for spelling
and punctuation) or they may be two attempts at the same
task (as when respondents are asked to give two reasons
for something).
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. design, but the questigns to be answered differed. One

" would expect both respondent and part scores to vary in
acceptability~~to vary, that is, in difficulty. The ques-
tions to be answered by this analysis are:

Do scorers differ in their assignment of acceptable
scores?

Does time of scoring affect the a551gnment of accep-
table scores?

Or, in other words, do either scorers or. time affect
the difficulty of an open-ended measure?

The analysis of variance for both MCS and A/U are presented
. in Attachments 5-8 below.

One final analy51s df the A/U variable was made, based
on analysis of variance dhta. This analysis is related to
the intra-class correlatibn or Cronbach's alpha. It
differs, however, in that it is based ‘on a multi-factor
design. It involves estimating the generalizability of
the scorlng from a ratio of relevant components of vari-
ance.* (For a general discussion of the technlque, see
Stanley, 1971).

SpnﬂiF*~a71" theamoqg—recponder*“ cemponent of vari-
ance is taken as an.estimate of variance in the nopulatlon
of the ablllty to perform, or not perform, the exercise.
That is, it is taken as an estimate of the variance of the
population true score. That variance component is divided
by the sum of the variance components judged to be rplevant
to the actual (as opposed to the experimental) scoring
situation. The resultihg ratio ¢an be 1nterpreted as a

rellablllty estimate: a ratio of true variance to total
variance. "

; Those components of variance détermined to be relevant
were: v N :

~. hE

among persons, the\EStimate of true variance.

—among -times: since a nofﬁ 1 hand scorlng takes
two-three months to complete **

t/Expected Mean nquares were constructed by\the B¥MD 08V
analysis of variance program (Dixon, 1973).

. **See Glass and Hakstian (1968) for a cr1t1cal dis ussion of
including fixed effects in an analysis of this t;Bé‘\gzt
felt justified, since our selection of times would result

in a maximum variance due to time, and thus create a con>

servative estimate of reliability. ’ ”

5
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(3) among scorers: .since NAEP data are based on sums
of items scored by different scorers.

(4) allxinteracéion of the above factors:

Note that the variance due to parts was omitted. Variance
among parts might be construed as part of the true vari-

ance.” It yas nevertheless not ingluded, because parts were
a fixed faZtor.(See‘note on preceding page) and thus might

nseriouslytbias the ratio. These variance ratios are pre-
sented in Attachments 1-4, ’

1
A
3
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a RESULTS AND DISCUSSION
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~

Percent Agreement - . o

gt -

The data were initially analyzed by calculating, for'
each -exercise, the percentage of the sample responses on
which all scorers agreed upon the category assignments.
These percentages showed considerable variation across
-exercises ranging in value from 58.4% to 93.8% with the mean
percentage-<being 76.5%.° The overall mean for agreement of
all but one scorer was 86.3%. ) \ C

Next the categories assigned to the responses by each
reader for all readings were compared. The average percant
'of reader agreements were calculated on each exercise.

These percentages varied from 82.6% to 98.7% and a.mean of
90.4%. ’

'Tﬁé overall agreement, based on presence or absence
of most common score, ranged from 88.8% to 99.5%, with an
average of 94.1%.

All the percentages seem to be high enough to indicate
that NAEP hand scoring is not heavily dependent upon the
scorer. The percentages e displayed.in Attachments 1-4,

There is a slight advantage for CQOD over Writing
exercises on all three indices. Since the average advantage
_ across j@ges 9, 13 and 17 is no greater than 5% on any index,
., we conclude that the scoring is essentially eguivalent for

" both subjects. 1Indeed, since the COD exercises studied
cover topics appropriate to mathematics.and citizenship as
well as ‘career education, we are tempted to generalize to
all NAEP scoring (except aﬁt;fliterature, and music!).

7
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Analysis of Variance - MCS

If NAEP's scoring procedure were perfectly generaliz-
able over scorers, times, respondents, and different o
exercise parts, there would-be no variation at all in
assignment:. of the most common score. We would, therefore,
prefer to find no significant analysis of variance effects.
The worst possible result would be to find large effects
for ;corers or times. That would mean that the baseline
NAE% data would have to be rescored every time NAEP wanted
to measure change or a state or local assessment wanted to
compare its résults with the NAEP baseline. Even if the
expense of such re-scoring were tolerable, it would be ex~
tremely inelegant for NAEP's baseline, criterion results to .
change for every different comparison.

Pl

Inspection of Attachments 5-8, "Probability Levels
Associated with the F-Ratios for the Analysis of Variance"
fér the MCS results show two strong and consistent effects.
These are the effects for responses and for the responses
by -exercise parts interaction. It is not surprising-—
though regrettable--that the consistency of the scoring
depends on how pcople respond and what they are responding ~
to.

There do not appear to be any consistent effects for
times cr for scorers but the scorers by times interacticns
appear more ‘often than one would like. To evaluate the
inportance of these effects, components of variance were

~ estimated and, from these, the percentage of total vari-

ance was calculated for each effegt. This analysis showed A
thaﬁ\epproxlmately 17% of the variance (over all exercises) \
could be attributed to responses and parts combined, and |
less than 1% could be attrjbuted to scorers and times com- \
bined. Thus the effects, éven for responses and parts, are

small, though statistically stable.

Analysis of Variance - A/U

-

- ‘ / '
In contrast to the MCS analysis, one would expect large
variations among responses and parts for the acceptable/

. unacceptable variable. 1In fact, the variance among responses

rue scores in the sample. However, as with the  MCS, variance
ong scorers Or times is a strong blow at the generalizability
of ‘the scoring proccdure.

3

\is--as mentioned above--an estimate of the variance among

\ The results of the U/A janalyses of variance are summarized in
Aftachments 5-8. Again, the only strohg and consisStent effects
are for responses and the responses by parts interaction.

o These two effects combined account for over 73% of the variance
across all exercises. In contrdst, the two effects account



A\

for only 17% of the variance in the MCS variable, above.
I/Thus, for the aA/U varia#le, the effect of responses and
parts is both statistically stable and large.

The effects for scorers and times are negligible.

/—'

Components of Variance Estimates of Generalizability

Components of variance for the A/U variable were also.
used to compute an estimate of the ratio of true variance
to total variance in the ability ﬂo perform the exercise
acceptably. The results are displayed in column {4) of
Attachments 1-4. Note that this céefficient is affected
by the lack of variance among respopses on very easy (or
very difficult) exercises. In particular, exercises 9 and
18--which were answered correctly by 99% of respondents--
have a coefficient of less than .35

‘ %imply“because there
was almost nc variation among responses.

respondents.

and 15 also were answered correctly Q;

3

\

Exercises 8, 13,
more than 90% of the

-

The median petéeﬁtage'of,variance\ﬁccounted for was

.80. This is a consérvative estimate of the generalizability
~of NAEP scoring, since' it is based on single exercises,
answered by only 28 respondents; since variations due to
scorers and times are included in the error variance; and
since 5 of the 18 exercises included were gxtremelyv easy.
While the question always remains of how rgliable is reliable
enough, the present investigators were extremely pleased
with' a median coefficient of|.80. .We feel that good evidence
now exists that NAEP scoring procedures will\ generalize to
other times--for change measu;es~-ahd other

P 4
sers--for localif;/
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